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INTRODUCTION 

Coal d e r i v e d  naphthas have been observed t o  produce depos i t s  

Th is  r e s u l t s  i n  a shut-  

i n  hyd ro t rea te rs ,  hea t  exchangers, heaters ,  and r e a c t o r  i n l e t s  which 
operate a t  app rox ima te l y  400°C. 
and cause p lugg ing  o f  t h e  r e a c t o r  components. 
t i n g  down o f  the system. 
t i o n  losses and r e p a i r  c o s t s .  
i d e n t i f i e d  and a probable mechanism found, i t  shou ld  be p o s s i b l e  t o  
decrease o r  e l i m i n a t e  t h i s  expensive r e a c t o r  downtime. 

There a re  two main o b j e c t i v e s  f o r  t h i s  s tudy.  
what c lasses o f  compounds a re  respons ib le  f o r  d e p o s i t  f o rma t ion .  
i n v o l v e s  concen t ra t i ng  va r ious  c lasses  o f  compounds by b o t h  d i s t i l  l a t i o n  
and chromatographic means and developing a way t o  i n d i c a t e  t h e i r  poten- 
t i a l  f o r  d e p o s i t  f o rma t ion .  2 )  I n d i c a t e  a p o s s i b l e  mechanism f o r  de- 
p o s i t  format ion.  Th is  i nc ludes  an examinat ion o f  t h e  d e p o s i t  and t h e  
i d e n t i f i c a t i o n  o f  secondary products  o f  d e p o s i t  f o rma t ion .  

EXAMINATION OF DEPOSIT 

These depos i t s  a r e  b l a c k  i n  appearance 

Such downtime i s  expensive due t o  b o t h  produc- 
I f  causes f o r  d e p o s i t  f o rma t ion  can be 

1 )  Determine 
Th is  

A d e p o s i t  was formed i n  a p i l o t  p l a n t  heat  exchanger f rom a 
coa l  d e r i v e d  naphtha. 
i n  an atmosphere c o n s i s t i n g  o f  vapor ized naphtha and hydrogen. 
fo rma t ion  o f  t he  d e p o s i t  had r e s u l t e d  i n  s h u t t i n g  down t h e  p i l o t  p l a n t .  
It was es t ima ted  t h a t  l o g  o f  d e p o s i t  was formed from 50 g a l l o n s  o f  f u l l  
range (66-204OC) naphtha. 
was i n v o l v e d  i n  d e p o s i t  format ion.  

The d e p o s i t  was d r i l l e d  o u t  o f  t h e  plugged h e a t  exchanger. 
was i n s o l u b l e  i n  pentane, dichloromethane, ch lo ro fo rm,  methanol, d i -  
methyl s u l f o x i d e ,  and p y r i d i n e .  The e lementa l  a n a l y s i s  o f  t h e  d e p o s i t  
i s  g i ven  i n  Table 1, a l o n g  w i t h  t h a t  o f  a t y p i c a l  naphtha feed.  These 
analyses were performed by  M ic ro -Ana lys i s  o f  Wilrnington, Delaware. 

The N / C  r a t i o  i n  t h e  d e p o s i t  r e l a t i v e  t o  t h e  feed increased by 
a fac to r  o f  15.0 w h i l e  t h a t  o f  S / C  and O / C  i nc reased  by  9.9 and 1.8, 
r e s p e c t i v e l y .  Therefore, t he  n i t r o g e n  and s u l f u r  compounds were h e a v i l y  
i nvo l ved  i n  d e p o s i t  f o rma t ion .  

The heat  exchanger was r u n  a t  app rox ima te l y  400°C 
The 

Therefore,  o n l y  0.006% o f  t h e  o r i g i n a l  m a t e r i a l  

I t  

The S / N  r a t i o  of t h e  d e p o s i t  was 0.11. 
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Th is  i n d i c a t e s  t h a t  t h e  d e p o s i t  was n o t  comprised predominant ly  o f  
ammonium p o l y s u l f i d e s .  
m a t e r i a l s  i n  hydro t rea tment  runs .  

The f a c t  t h a t  t he  O/C r a t i o  o n l y  inc reased by  a f a c t o r  o f  1.8 
p a r t i a l l y  r u l e s  o u t  an o x i d a t i v e  mechanism. The increase i n  oxygen 
c o u l d  have been due t o  a smal l  amount o f  o x i d a t i o n  which occur red  a f t e r  
t h e  d e p o s i t  was c o l l e c t e d .  
c o l l e c t i o n  t o  b l a n k e t  i t  w i t h  n i t r o g e n ,  and t h e  d e p o s i t  was seve ra l  
months o l d  a t  t he  t ime o f  a n a l y s i s .  

CONCENTRATION OF DEPOSIT PRECURSORS 

These p o l y q y l f i d e s  have been observed as d e p o s i t  

No p r e c a u t i o n s  were taken a t  t he  t ime  o f  

Coal l i q u i d  naphtha i s  a complex m i x t u r e .  I n  o r d e r  t o  iden-  
t i f y  the d e p o s i t  p recursors ,  t h e y  had t o  be concent ra ted .  
o f  d i s t i l l a t i o n  and i o n  exchange chromatography was used t o  do t h i s .  
The e f f e c t  o f  these two c o n c e n t r a t i o n  techniques was t e s t e d  u s i n g  TGA. 
From these exper iments i t  was p o s s i b l e  t o  i d e n t i f y  t h e  s t r u c t u r a l  types 
r e s p o n s i b l e  f o r  much o f  t he  d e p o s i t  fo rmat ion .  

The TGA exper iment used t o  t e s t  concent ra tes  f o r  d e p o s i t  f o r -  
m a t i o n  c o n s i s t e d  o f  h e a t i n g  t h e  sample i n  a p l a t i n u m  b o a t  f rom 25°C t o  
400°C, under n i t r o g e n ,  a t  20°/min. A t  400°C t h e  we igh t  was recorded and 
t h e  atmosphere switched t o  oxygen. The temperature was then increased 
t o  700"C, and the  m a t e r i a l  i n  t h e  pan was burned o f f .  
a l lowed t h e  t a r e  o f  t he  balance t o  be checked. 

400°C was i n s o l u b l e  i n  common o r g a n i c  so lvents .  
r e s i d u e  i s  designated as "depos i t . "  

produced more d e p o s i t  than t h e  f u l l  range (66-204OC) naphtha. There- 
fore,  var ious  d i s t i l l a t e  cu ts  o f  t h e  177-204°C sample were prepared and 
t e s t e d  f o r  d e p o s i t  fo rmat ion .  From these exper iments i t  was found t h a t  
t he  bottom 40% o f  t h e  177-204OC naphtha conta ined e s s e n t i a l l y  a l l  o f  t h e  
d e p o s i t p r e c u r s o r s .  The bottom 40% of t h e  naDhtha was used i n  t h e  

A combina t ion  

T h i s  l a t t e r  s tep  

I t  was determined t h a t  t h e  r e s i d u e  remain ing  i n  t h e  pan a t  
Herein,  t h e  i n s o l u b l e  

I t  was shown i n  t h e  p i l o t  p l a n t  t h a t  t h e  177-204°C naphtha 

remainder o f  t h e  exper iments.  
h e a t i n g  t o  400°C. 

I t  formed 1 . 7 3 i  .04 W t . %  d e p o s i t  on 

Because o f  t he  l a r g e  amount o f  n i t r o g e n  seen i n  t h e  d e p o s i t ,  
t he  n i t r o g e n  c o n t a i n i n g  compounds were concent ra ted  on an i o n  exchange 
r e s i n .  
amines a been r e p o r t e d  t o  be removed by  Amberlyst-15 ipg)exchange 

The r e s i n  was prepared as descr ibed elsewhere 
used t o  remove the  b a s i c  n i t r o g e n  compounds. 
t h a t  a r a t i o  o f  2 .3 : l : : res in :bo t tom 40% was needed t o  lower  t h e  bas i c  
n i t r o g e n  c o n t e n t  f rom 1.4% t o  88 ppm, as determined by nonaqueous t i t r a -  
t i o n .  

below 88 ppm, t h e  d e p o s i t  f o r m a t i o n  f rom t h e  sample o f  i o n  exchange 
t r e a t e d  e f f l u e n t  was reduced t o  34.7% of i t s  o r i g i n a l  l e v e l .  
r e l a t i o n  between d e p o s i t  f o r m a t i o n  as measured by TGA and b a s i c  n i t r o g e n  
l e v e l  i s  shown i n  Table 3. 

Bas ic  n i t r o g e n  compounds such as q u i n o l i n e s ,  p y r i d i n e s  and 

and i t  was 
It was u l t i m a t e l y  decided 

This was t h e  lowest  b a s i c  n i t r o g e n  l e v e l  t h a t  c o u l d  be achieved. 

Whi le i t  was n o t  p o s s i b l e  t o  g e t  t h e  b a s i c  n i t r o g e n  c o n t e n t  

The c o r -  
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The m a t e r i a l  r e t a i n e d  by  the  Amberlyst-15 i o n  exchange r e s i n  
was desorbed by a s o l u t i o n  o f  ammonia s a t u r a t e d  methanol. The methanol 
was s t r i pped  o f f  a t  50°C under a stream o f  n i t r o g e n .  
ma te r ia l  was a l l e d  t h e  bas ic  n i t r o g e n  concent ra te .  Examinat ion of t h i s  
m a t e r i a l  by "C NMR showed i t  t o  c o n t a i n  n i t r o g e n  h e t e r o c y c l e s ,  such as 
p y r i d i n e s  and q u i n o l i n e s ,  and phenols.  When heated t o  400°C, t h e  bas i c  
n i t r o g e n  concent ra te  gave 4.95% d e p o s i t  as compared w i t h  0.60% d e p o s i t  
from the  e f f l u e n t  f rom the  i o n  exchange r e s i n .  The weighted sum o f  the  
amounts o f  d e p o s i t  f rom t h e  b a s i c  n i t r o g e n  c o n c e n t r a t e  and t h a t  of t h e  
base- f ree  m t e r i a l  was 1.74%, which compares w e l l  w i t h  1.73% d e p o s i t  i n  
t h e  unseparated m a t e r i a l .  Th is  i n d i c a t e s  t h a t  t he re  i s  no i n t e r a c t i o n  
between the  bas i c  and base-free m a t e r i a l .  
t r a t e  was used i n  t h e  remainder o f  t h i s  work. 

The r e s u l t a n t  

The b a s i c  n i t r o g e n  concen- 

The elemental  a n a l y s i s  o f  t h e  b a s i c  n i t r o g e n  concent ra te ,  
base- f ree  m a t e r i a l  and bottom 40% o f  t h e  177-204OC naphtha i s  shown i n  
Table 2. Whi le t h e  Amberlyst-15 concent ra ted  t h e  b a s i c  n i t r o g e n  com- 
pounds, i t  a lso  c a r r i e d  a long a l a r g e  amount o f  oxygen i n  t h e  b a s i c  
n i t r o g e n  conce r a t e .  An examinat ion o f  t h e  m a t e r i a l  b o i l i n g  above 
200°C by bo th  "C NMR and Mass Spectrometry showed no evidence f o r  
molecules c o n t a i n i n g  bo th  bas ic  and p h e n o l i c  f u n c t i o n a l i t i e s  on t h e  
same molecule.  
oxygen by c a u s t i c  e x t r a c t i o n .  

It was n o t  p o s s i b l e  t o  comple te ly  separa te  t h i s  r e s i d u a l  

EFFECT OF HEATING ON STRUCTURE 

I n  o r d e r  t o  a r r i v e  a t  an unders tand ing  o f  t h e  mechanism o f  
d e p o s i t  fo rmat ion ,  t h e  e f f e c t  o f  h e a t i n g  on the  s t r u c t u r e  o f  t h e  b a s i c  
n i t r o g e n  concent ra te  was observed u s i n g  FT-IR. 
d e p o s i t  (-1-5mg) formed i n  t h e  TGA pan, t h e  use o f  o t h e r  a n a l y t i c a l  
techniques was n o t  p o s s i b l e .  

t r a t e  i n  the TGA a t  400°C f o r  a d e s i r e d  l e n g t h  o f  t ime .  The d e p o s i t  was 
recovered from the  pan by soaking t h e  pan w i t h  i t s  con ten ts  i n  methylene 
c h l o r i d e  and e v a p o r a t i n g  t h e  methylene c h l o r i d e  under n i t r o g e n .  
d e p o s i t  was then made i n t o  KBr p e l l e t s  as descr ibed p r e v i o u s l y .  
Spectra were r u n  on a - a i g i l a b  15B FTS System. 
in te r fe rograms a t  2cm 

Visual  o b s e r v a t i o n  o f  t h e  s p e c t r a  showed chfnges i n  a romat jc  
C-H, a l i p h a t i c  GTH and hydroxy l  bands a t  3000-3100cm- , 2820-3000cm- , 
and 3100-3600cm , r e s p e c t i v e l y .  These t h r e e  bands r e  c u r v e  reso lved 
and i n t e g r a t e d  u s i n g  the  methods of P a i n t e r ,  e t  The i n t e g r a t e d  
i n t e n s i t i e s  fo r  t h e  t h r e e  r e g i o n s  were p l o t t e d  a g a i n s t  h e a t i n g  t ime  a t  
400°C and a r e  shown i n  F i g u r e  1. 
t h r e e  o f  these r e g i o n s  w i t h  inc reased sample h e a t i n g  t ime. 

Due t o  smal l  amounts o f  

Samples were prepared by  h e a t i n g  the  b a s i c  n i t r o g e n  concen- 

(4The 
Two hundred co-added 

r e s o l u t i o n  were taken f o r  each sample. 

S u b s t a n t i a l  decreases were seen i n  a l l  

MECHANISTIC CONSIDERATIONS 

The decreases i n  aromat ic C-H, a l i p h a t i c  C-H, and hydroxy l  
bands descr ibed above have s u b s t a n t i a l  i m p l i c a t i o n s  f o r  d e p o s i t  fonna- 
t i o n .  The l o s s  o f  a l i p h a t i c  C-H i n d i c a t e s  a p y r o l y s i s  t ype  o f  r e a c t i o n .  
An a n a l y s i s  by  gas chromatography o f  t h e  TGA gaseous e f f l u e n t  shows t h e  
presence o f  l i g h t  a lkanes and alkenes as would be expected from a py- 
r o l y s i s  r e a c t i o n .  
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T h e  l o s s  of aromatic C-H ind ica tes  a cross-l inking of f ree  
radicals formed during pyrolysis w i t h  the  subsequent formation of higher 
molecular we igh t  molecules. The addition of octahydrophenanthrene to 
the basic nitrogen concentrate lowered the amount of deposit formed by 
52%. Presumably, this i s  due to the capping of f ree  rad ica ls  formed , 

d u r i n g  pyrolysis.  

The loss  o f  0-H ind ica tes  e i the r  a l o s s  of adsorbed water or 
a condensation reaction with a subsequent l o s s  of water. 
water formed during heating was measured by gas chromatography. The 
adsorbed water i n  the  feed was also measured. 
duced during heating was subs t an t i a l ly  l a rge r  t h a n  the amount of ad- 
sorbed water o n  a molar bas i s .  T h i s  indicates t h a t  some deposit for -  
mation occurs through condensation (phenol coup1 ing) reactions.  Reac- 
t ions \&%e these have been shown t o  occur upon heating naphthol to  
40O0c. S i ly la t ion  of the  phenols with BSTFA resulted in a 24% de- 
crease in  the  amount of deposit  formed. 

The amount of 

The amount o f  water pro- 

CONCLUSIONS 

The heat exchanger deposit  precursors a re  concentrated i n  the 
basic nitrogen concentrate obtained from the naphtha bottoms. T h i s  
concentrate contains both heterocyclic nitrogen compounds and phenols. 
The primary reactions responsible f o r  deposit  formation were: 1 )  con- 
densation of phenols, and 2 )  pyrolysis of alkylated nitrogen hetero- 
cycles.  
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TABLE 1 

ELEMENTAL ANALYSIS OF FEED AND DEPOSIT 

ELEMENTAL FEED 

%C 
%H 
IO 
%N 
%S 
%Ash 
u i r  " I  .d 

83.92 
10.86 
5.14 
0.52 
0.23 
0.00 
1.55 

DEPOSIT 

73.63 
5.74 
8.22 
6.86 
1.83 
3.73 
0.94 

TABLE 2 

ELEMENTAL ANALYSES OF BASIC NITROGEN CONCENTRATE, 
BASE FREE MATERIAL, AND BOTTOM 40% FRACTIONS 

B o t t o m  40% B a s i c  N i t r o g e n  C o n c e n t r a t e  Base F r e e  M a t e r i a l  

% Carbon 79.67 78.25 
% Hydrogen 8.44 7.95 
% N i t r o g e n  1.54 3.54 
% Oxygen 9.59 10.04 
% Sulfur  0.65 0.22 
H/C 1.27 1.22 

TABLE 3 

EFFECT OF BASIC NITROGEN ON DEPOSIT FORMATION 

B a s i c  N C o n t e n t  W t . %  D e p o s i t  

8 8  ppm 
173 ppm 
280 ppm 

1.39% 

.60% 

.83% 
1.40% 
1.73% 

80.30 
8.94 
0.14 

10.03 
0.58 
1.34 
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